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EXECUTIVE SUMMARY

Type 4 and 5 Waters, as defined in the Washington Forest Practices Rules and Regulations
(WAC 222-16-030), are small headwater streams that cannot support significant populations of fish,
are not used as developed water supplies, and are not specifically targeted for protection of
downstream water quality. PTI Environmental Services reviewed existing literature and interviewed
regional experts regarding the status of sediment dynamics of Type 4 and 5 Waters, specifically
those occurring in headwater portions of drainage basins, for the Sediment, Hydrology and Mass
Wasting Steering Committee of the Timber, Fish, and Wildlife (TFW) Cooperative Monitoring,
Evaluation and Research (CMER) Committee. Field managers and other TFW participants were
queried through a questionnaire and workshop regarding regional variations in sediment dynamics
and the effects of forest practices on these streams. These streams are important because they are
the major link between hillslopes and the downstream waters in which the state and its citizens have
alegally established vital interest. Sediment dynamics in these small channels are difficult to
understand, requiring a thorough integration of local and discontinuous hillslope and fluvial
processes. Much is known about the general patterns and magnitudes of sediment input to and
sediment production from small channels. Less is known about the range of actual fluvial transport
mechanisms in these channels. Storage and transport processes within the channel are both fluvial

and nonfluvial in nature. Understanding these processes is important, because predicting sediment
loads in larger channels requires quantifying the stochastic nature of sediment supply input from

upstream. This report summarizes existing information on sediment dynamics in headwater
channels and notes information and baseline data gaps that must be resolved within the TFW
PIOCeSS.

Sediment input from mass wasting, rilling or gullying, soil creep, dry ravel, or bioturbation
begin the process of delivering sediment to Type 4 and 5 Waters. Regional variations in input
processes and magnitudes under unlogged conditions can be large due to variations in geology and
disturbance history. Observed differences in sediment dynamics in small channels, however, are
often the result of discrete episodes of mass wasting rather than continuous sediment delivery.

Slumps and earthflows can be regionally or locally important forms of mass wasting. The
failure surface for most of these types of mass movements is below the soil-rock boundary.
Therefore, the local variation in their spatial frequency is primarily a function of bedrock geology.

Many of these failures are centuries old, move on the order of 10 cm to 10 meters per year, and
have lags of about a month to a few years in their response to destabilizing factors. Sediment is

vii



typically delivered to channels by debris avalanching off the toe of the slide. Presently no data are
available on these features to assess their initiation mechanisms or their impact on sediment delivery

to Type 4 and 5 Waters in the state, even though they have been widely reported in western
Washington.

Rapid translational failures are the most frequent form of mass wasting in the Pacific
northwest. Termed debris slides or debris avalanches, they are generally small, shallow failures
brought on by excess pore pressure along a discrete surface that is roughly parallel to the ground
slope. The failed mass retains little of the original coherence of the original soil mass. Undercut-
ting of the slope toe by fluvial erosion or loss of apparent soil cohesion from a decrease in root
strength can contribute to debris avalanching. Therefore, these failures occur in undisturbed
watersheds at the toe of a slope adjacent to a stream, and in what are widely referred to as
unchannelized valleys or conuvial hollows. Unchannelized valleys are the bedrock depressions
above the channel head that concentrate subsurface stormflow, and are flushed by debris
avalanching/sliding with a recurrence interval of several thousand years per valley in the Pacific
northwest. Predicting the probability of these types of failure (i.e., site-specific threshold
conditions) will require a significant investment in the acquisition of baseline soil, geology, and
sub-surface hydrologic data.

Creep, treefall, and other bioturbation rates are on the order of a few millimeters of sediment
per year, yet amount to 15 to 35 percent of the average annual sediment yield in small forested
basins west of the Cascades. This proportion is probably of similar magnitude in eastern
Washington. Surface erosion, rifling, and dry ravel are virtually unknown in undisturbed forest
lands west of the Cascade crest. The shallow infiltration capacity of forest soils exceeds rainfall
intensity for storms common in the Pacific northwest, preventing unchannelized (overland) water
flow over the ground surface. Some non-harvested areas in eastern Washington forests may be
subject to surface runoff and erosion in the highest intensity fall rainstorms, but none have been
reported in the literature. Few data are available to document the rates and magnitudes of these
processes in Washington, particularly during and after the initiation of harvest activities.

There are also few descriptions of channel morphology and inferred sediment transport
processes available for the smallest of these channels. In larger Type 4 and 5 Waters, sediment
transport by stream/low is rapid for fine materials that move as suspended load, and typically
episodic for larger particles that move as bedload from one obstruction (logjam or boulder dam)
to the next in a cascading fashion. No published data on streamflow transport rates in headwater
channels were found, but rates appear to be low relative to those for hillslope input in western
Washington. These channels are catastrophically flushed by debris flows or debris-dam breaks at
recurrence intervals of 1,$00 years in first order channels, delivering sediment instantaneously
downstream to fish-bearing waters. The relations between hydraulics sediment transport, and



channel morphology in these headwater channels must be addressed in greater depth in order to
effectively manage these stream corridors.

Consistently demonstrated effects of forest practices on sediment dynamics in Type 4 and 5
Waters can be traced to road building, road use, yarding, and removal of vegetation from hillslopes.
Roads are far more significant at generating chronic transportable sediment, which is more quickly
available to headwater channels, than vegetation removal alone.” Much of this eroded sediment is
silt and clay, which moves rapidly out of small stream channel networks. Disrupted drainage can
lead to severe erosion of saturated fill areas, and in turn to mass wasting. The magnitude of the
increased sediment load is sensitive to construction, maintenance, and storm history. Recent studies
in the northwest put the road-related increase in sediment yield from <2 to 50 times background
yields. EarLier studies showed sediment yield increased several hundred times, but those magnitudes
were a function of outdated construction practices coupled with major storms. The connection
between road layout and construction methods and downstream observed effects must be better

established, particularly in eastern Washington.

LOD is a major component of small streams in forested watersheds. Stream size and LOD
loading are inversely correlated. Movement of LOD is by flotation of small pieces during high
flows or by debris flows; the latter are required to mobilize the largest pieces. Debris stability in
turn controls the residence time of associated sediment storage sites, which can be stable for a few
years (eastern Washington) to tens of years. Most woody material introduced to channels during
timber harvest is slash. Small pieces are more mobile and caulk larger debris accumulations, making
the resulting jam more susceptible to catastrophic failure. Subsequent long-term additions of debris
to streams draining logged watersheds are likely to be from early successional tree species, which
in the northwest consist of hardwoods such as aider, followed by early maturing conifers. Jams
from second growth appear shorter-lived than jams in undisturbed channels, although this may not
be geomorphically significant. It is important to note that as yet no data exist in the literature
which evaluate buffer strips as long-term sources of LOD along lowest order channels. To some
variable extent, debris jams buffer fluvial sediment transport through disturbed basins, which have
high sediment loads per unit area for several years following logging and road building activities.
Issues of long-term LOD recruitment, LOD-influenced sediment routing, and appropriateness of

channel clearance must all be addressed.

Vegetation removal, road building, and surface yarding can alter the hydrologic system of
small watersheds by increasing streamflow or flood peaks. Depending upon local hydrologic factors,
road building and surface yarding can also influence runoff to the extent that some of the
watershed is rendered impermeable. This effect is increasingly important with increasing basin area
in roads and skid trails. In rain-dominated watersheds, increases in runoff alone do not appear to

be generally near the magnitude required to increase total geomorphic work. The frequency of



moderate runoff events can increase for a period of time (<5 years) after harvest. Studies of
snowfall-dominated systems, however, point to two very different and important conclusions. First,
altered snowmelt dynamics between clearcuts and forested land are responsible for increases in peak
flows, while decreased summer evapotranspiration increases low flow and total annual yield
conditions. Second, increases in peak flows of 20 percent could be sufficient to entrain more of

the fluvial sediment load. Research on the geomorphic effectiveness of alteration in the timing of
runoff, and of increased peak flows (absent other impacts) is necessary.

Interest in the chemical quality of small streams is focused around nutrient cycling and on
entry and persistence of man-made organic chemicals (i.e., insecticides, herbicides, and fertilizers)

applied to forests. There are no documented problems of adverse water quality resulting from
timber harvest and slash treatment or from pesticide and fertilizer application. A comprehensive
hody of literature indicates that clearcutting, slash burning, and fertilizing normally result in a
temporary increase in nitrate concentration, but concentrations remain well below water quality
standards and return to normal following revegetation. Secondary peaks of nitrate following fall
rains occur but do not pose a water quality hazard. Direct application of chemicals to surface water
can be limited by maintaining a buffer strip along flowing streams as is currently required.

Animportant aspect of developing a research strategy for Type 4 and 5 Waters is to assess
the problems that land managers involved in TFW have encountered in addressing issues related to
headwater streams. A questionnaire was used to acquire information from TFW participants
regarding the topics addressed above. Sediment dynamics were found to be similar within four
areas: lowlands and steeplands on the west slope of the Cascades, and lowlands and steeplands on
the east slope. These regions did not entirely coincide with either DNR regional boundaries or the
simplified forest ecosystem boundaries used for analysis. Mass wasting dominated sediment input
on the steeplands and in the western Washington lowlands. Sediment storage was associated with
obstructions in all small channels, regardless of geographic locale. Primary timber harvest impacts
were associated with roads statewide, although road-related mass wasting in northeastern
Washington was not noted. LOD clearance and recruitment following clearcutting were important
topics in small channels. Water quantity appeared to be altered to some degree statewide by timber
harvest activities, although the magnitude and geomorphic effectiveness of this impact is not known
at all. Most respondents believed that the Forest Practices Rules have significandy reduced impacts
associated with timber harvest. However, there are no data that confirm or rebut this belief.
Finally, TFW was viewed as a useful forum for increasing communication, although it offered no
significant changes to regulation of small channels.

From this information, the SHAM Committee has developed a research strategy to address the
numerous remaining issues surrounding Type 4 and 5 Waters in a way that will be useful to
managers. Tools are required to assist screening permit applications, and managers must be able



to determine potentiai hazards and associated risks relative to forest harvest. SHAM’s research

agenda includes:
] Compilation of baseline data on sedimentation and management effects

®  Acquisition of descriptive information on channel morphology, sediment, and fluvial
sediment transport and storage processes in Type 4 and 5 Waters

8  Additional data on initiation of mass wasting, particularly related to management
activities, and with attention to channel recovery

m  Study of recruitment and export patterns for LOD and floatable debris and

management activities

» Documentation of alterations to flood hydrographs from management, and the
geomorphic responses of small channels, with special focus on rain-on-snow events

®  Study of other region-specific issues, such as grazing impact in eastern Washington.

Xi



INTRODUCTION

The Timber, Fish, and Wildlife (TFW) program is a natural resource management agreement
negotiated between representatives of Indian tribes, state agencies, the timber industry, and
environmental groups in the state of Washington. This agreement, which has led to a compre-
hensive and enforceable accord on managing forested lands in the state, is guided by the principle
of adaptive management. Crucial to this mana8ement process is the combination of interdisci-
plinary scientific study and intergroup cooperation to advance the knowledge and improve the site-
specific management of natural resources. PTI Environmental Services has reviewed existing
literature and interviewed regional experts regarding the status of sediment dynamics of Type 4 and
5 Waters, specifically those occurring in headwater portions of drainage basins, for the Sediment,
Hydrology and Mass Wasting Steering Committee of the TFW Cooperative Monitoring, Evaluation
and Research (CMER) Committee. We also queried field managers and other TFW participants
through a lengthy questionnaire and workshop regarding the statewide regional variations in
sediment dynamics of headwater basins, and the effects of forest practices on these streams.

Type 4 and 5 Waters, as defined in the Washington Forest Practices Rules and Regulations
(WAC 222-16-030), are small headwater streams that cannot support significant populations of Fish,
are not used as developed water supplies, and are not specifically targeted for protection of
downstream water quality. Although other types of channels or bodies of water can be classed as
Type 4 or 5 Waters, headwater channels and associated unchannelized swaies and depressions are
the focus of this report.

By regulatory definition, Type 5 Waters include both flowing streams less than 2 feet wide
and areas of perennial or intermittent seepage. (Type 5 Waters may also be bogs or ponds.
However, sediment dynamics associated with standing water are not addressed in this report.)
Type 4 Waters are larger than Type 5 but inaccessible or otherwise too small to provide significant
fish habitat. An upper limit on the size of Type 4 Waters is 5 feet wide between the ordinary
high water marks if accessible to anadromous fish or 10 feet wide if available only to residents,
with a gradient of <12 percent and a minimum summer flow of 0.3 #3/sec. Type 4 and 5 Waters
correspond to zero order, first order, second order, and small third order streams (Strahler 1957;
Dietrich et al 1987). Such streams generally have high gradients, contain significant woody debris,
and may exhibit intermittent or ephemeral flow patterns. (Note that the Washington state stream
typing system ranks channels in the opposite direction from that used in the geomorphic stream



ordering system. Thus, Type 5 Waters represent the lowest stream orders, while Type | Waters
represent the highest stream orders.)

As | I-W seeks to balance the preservation of natural resources and maintain a viable timber
industry, appropriate management of Type 4 and 5 Waters has become a serious issue. Type 4 and
5 Waters are arguably the most difficult elements of a forested landscape to reconcile with present
timber harvest practices. These streams are important because they are the major link between
hillslopes and the downstream waters in which the state and its citizens have a legally established
vital interest. They are also particularly vulnerable to natural disturbances and forest management
activities because of their large numbers and their proximity to sensitive hillslope processes that
may be affected by forest practices. As a result, disturbance of Type 4 and 5 Waters is nearly
impossible to avoid during road construction and yarding activities. Hence, local disturbance of
low-order channels is a predictable impact of both timber harvest and post-harvest silvicultural

activities.

Understanding sediment dynamics in these small channels is also difficult, requiring a thorough
integration of local and discontinuous hillslope and fluvial processes. Larger channels (third and

fourth order, or equivalents to Type 3 Waters) are better understood for several reasons. They are
extensively studied in relation to their value to anadromous fish, they are more physically
accessible, and they are more like alluvial channels in character and therefore more regular in
morphology. Fully alluvial channels (fifth order and larger, or equivalents to Type | and 2 Waters)
flow through relatively uniform sediments deposited by fluvial processes. Such channels exhibit
consistent spacing of pools and riffles (5-7 times the channel width), and they have generally more
predictable sediment transport rates. In contrast, Type 4 and 5 channels are dominated by
discontinuities in the geologic materials over which they flow and by vegetation, including large
organic debris (LOD) (Swanson 1981). Type 5 Waters in particular represent a crucial link between
the processes of downslope soil movement and the drainage network. The lateral extent of these
streams can fluctuate over geologically short periods of time in response to natural and manmade

basin disturbance.

FOREST PRACTICES RULES AND REGULATIONS APPLIED TO TYPE 4 AND 5 WATERS

Present activities associated with timber harvest in and around Type 4 and 5 Waters vary in
accordance with existing regulations clue to local physical condition of headwater channels and
local forest practice. Washington Forest Practices Rules and Regulations require the following, at

a minimum:



Buffering of Type 4 Waters from road sedimentation (WAC 222-24-025 and -030)
and landing sidecast (WAC 222-30-020.3¢)

Buffering of both Type 4 and 5 Waters from the inadvertent application of chemicals
(e.g., herbicides, fertilizers; WAC 222-24-050, WAC 222-38-020.5)

Minimizing skidding across Type 4 Waters (WAC 222-30-070).

Furthermore, these requlations seek to maintain the preharvest pattern of LOD by requiring slash

to be removed and other pre-existing wood to remain (WAC 222-30-060, -070, and -100).
Guidelines for slash and debris removal suggest that significant stream clearance (including removal
of pre-existing wood) should be undertaken only in channels with very steep slopes (60 percent;

31 degree) and channels where both the danger of debris flows and the risk to downstream waters

is considered high.

Additionally, the TFW agreement provides for protection of Type 4 and 5 Waters through
site-specific conditions on forest practice permits. A commonly used condition is the specification
of a riparian leave area on a Type 4 Water to "protect public resources" (WAC 222-30=020.5).
Environmental checklists are required to comply with the Washington State Environmental Policy
Act for road construction in slide-prone areas drained directly by a Type 4 Water (WAC 222-16-

040.1g).

Finally, Type 4 and 5 Waters judged to be unstable (or otherwise highly sensitive) receive
field review by Washington Department of Natural Resources (DNR) field personnel and, if
necessary, by interdisciplinary teams of specialists. Specific forest practice actions are developed
to limit impacts from these waters based on recommendations from these individuals. Controversy
exists over site-specific management in and around Type 4 and 5 Waters because they are afforded
substantially less protection than Type 1, 2, and 3 Waters. For this reason, research to better
understand sediment dynamics in these small channels is a high priority of the CMER Committee.

ORGANIZATION OF THIS REPORT

Specific topics of interest have been identified by CMER that relate directly to sediment
processes in small streams and the effect of forest practices on these processes. This report is
organized in the following manner to address these topics. The first section following this
introduction describes the methods used to compile information on both regional sediment dynamics
in headwater channels of forested watersheds, and the specific patterns of sediment routing and
related management issues of concern to TFW participants. The next section presents the results



of the literature review and discussions with regional researchers. This section specifically

addresses the following issues:

S Sediment input to Type 4 and 5 Waters under undisturbed forest conditions

n Sediment transport and routing in these channels by fluvial processes and debris
flows, also under undisturbed forest conditions

Effects of forest practices on sediment dynamics in Type 4 and 5 Waters

Dynamics of large organic debris in Type 4 and 5 Waters, including the effects of
forest management

Changes in water quantity and routing following timber harvest

Effects of forest practices on water quality in Type 4 and 5 Waters.

The remaining section of the report describes regional characteristics of Type 4 and 5 Waters and

the watersheds which they drain, sediment dynamics in these channels, and the effects of forest

practices on these channels, as determined by a questionnaire distributed to TFW participants and

other interested parties. This final section also presents management tools and information needs

of land managers with respect to sediment in Type 4 and 5 Waters, and research recommendations
by the SHAM Committee and PTI Environmental Services.



METHODS

The primary objective of this project is to synthesize the.present understanding of small
stream sediment dynamics, regional variations of processes controlling sediment dynamics specific

to Washington state, and the contribution of various forest practices to these processes. These
tasks were accomplished through a review of published and unpublished information, interviews

with experts in forest geomorphology, and a questionnaire and follow-up interview with personnel
currently involved in forest management in Washington state.

REVIEW OF EXISTING INFORMATION

To review and synthesize literature on sediment dynamics of low-order stream channels
draining coniferous forests, PTI Environmental Services' internal library information was reviewed
to construct search algorithms for bibliographic databases. Using five databases (GeoRef, Water
Resources Abstracts, National Technical Information Service, Dissertation Abstracts, and
Conference Papers Index), citations to relevant publications by current researchers specializing in
forest geomorphology were obtained. This provided a means of evaluating the relative merits of
these databases. Based on these searches, two databases, Water Resources Abstracts and GeoRef,
were found sufficient for complete coverage of specific search algorithms. These two databases
were then searched, concentrating on the topics of water quality, mass wasting, LOD, water
quantity, forest practices, and sediment production in small, forested channels. The search
algorithms were specifically designed to uncover sources of information specific to Type 4 and 5
Waters. The PTl internal library was used to gain a broader view of forest geomorphology. All
available citations referring to coniferous forests of the western United States were investigated,
recognizing that studies of these processes have occurred throughout the region and may not be
directly applicable to Washington. Each study reviewed herein is deemed to be at least indirectly
applicable based on one of the following factors: 1) the climate and forest regime of the study
area are similar to those of one or more regions of Washington, or 2) the study database is
extensive enough to allow comparison of processes occurring in Type 4 and 5 Waters with processes
occurring in larger river systems. Specific climatic, geologic, and physiographic information is
available for numerous long-term study sites outside the state (e.g., H.J. Andrews Experimental
Forest and Alsea River watershed in Oregon, Redwood National Park in California, and the U.S.
Forest Service Idaho Batholith study area). In fact, only 10 percent of the citations given in this

report are based upon studies in Washington state; 29 percent are from Oregon, and the remainder



are from IdahO, British Columbia, northern California, or pertain to general topics or methods
(Beschta, R.L., 31 May 1989, written communication). However, such information has not yet been
compiled for regions within the state of Washington in sufficient detail for determination of the

specific applicability of studies from outside the state. In addition, during the course of this

review, several examples of gray literature (reports prepared under contract to specific organiza-

tions but not released to the public) and unanalyzed data were discovered. However, because of
the short project schedule, few of these could be evaluated.

The experts in west coast forest geomorphology listed in Table 1 were interviewed by
telephone or in person. Roughly haft of these individuals had studied channels small enough to be
equivalent to Type 4 or 5 Waters. Lee Benda, Tom Dunne, Gordon Grant, Bob Beschta, Stan
Gregory, Mike Church, Wait Megahan, Bill Weaver, Leslie Reid and Bill Dietrich are actively
studying small channels and have ongoing research projects which TFW should remain abreast of.
Although Peter Lewis of the B.C. Ministry of the Environment could not be reached for an
interview, he is also likely to have a useful perspective on the issue of sediment dynamics in

headwater streams.

Using this approach, a great deal of existing information applicable to small streams was found
on three specific topics: 1) zero order basins (colluvial hollows or swales) and the transition from
unchannelized to channelized hillslopes (Dietrich et al. 1987), 2) debris flows, and 3) paired basin
studies between 'managed” (e.g., timber harvest, roads) and unmanaged watersheds, with sediment
and water flow data collected on second through fourth order streams (equivalents of Type 4 and
3 Waters). Less well understood are the mechanisms of fluvial transport in small channels, although
current research by Gordon Grant (13 March 1989, personal communication) and Mike Church (10
April 1989, personal communication) may improve this situation. The fate of LOD is also
moderately understood. Only Bilby (1984), Duncan et al. (1987), and Keller et at. (1982) present
data from streams draining second growth forests where a large relict component is not obvious.
Finally, little direct information was found on water quality in small channels. The information
available was generally restricted to sediment (discussed below), temperature (the subject of a
separate study within TFW), or nutrients (the subject of another TFW study). For example, no data
were found examining the effectiveness of the buffer strip requirement in the application of forest

chemicals adjacent to Type 4 and 5 Waters.

ADMINISTRATION OF THE QUESTIONNAIRE

The objective of this task was first to summarize regional differences in the sediment
dynamics of Type 4 and 5 Waters of Washington, building on interviews of DNR personnel from

regional offices and TFW interdisciplinary team members operating in each of the ecoregions.



TABLE 1. LOCAL AND REGIONAL EXPERTS CONSULTED

Name Institutional Affiliation
Mr. Lee Benda University of Washington
Dr. Robert Beschta Oregon State University
Dr. Robert Bilby Weyerhaeuser Company
Mr. Matt Brunengo Washington Department of Natural Resources
Mr. Ken Buss USFS Mt. Baker-Snoqualmie National Forest
Dr. Michael Church University of British Columbia
Dr. William Dietrich University of California, Berkeley
Mr. Stan Duncan Wevyerhaeuser Company
Dr. Thomas Dunne University of Washington
Mr. William Fowier USFS - Wenatchee National Forest [retired]
Dr. Jerry Franklin University of Washington

Dr.
Dr.
Dr.
Dr.

Mr,

Dr.

Ms.

Dr,

Mr.
Ms.

Dr.

Ms.

Dr.
Dr.

Dr.
Dr.

Mr

Gordon Grant
Stan Gregory
Dennis Harr
Harvey Kelsey
George Lienkaemper
Thomas Lisie
Mary Ann Madej
Walt Megahan
Roger Nichois
Susan Perkins
John Pitlick
Leslie Reid
James Sedell
Kathieen Sullivan
Fred Swanson
William Weaver

. Rick Wooten

USFS Forestry Sciences Laboratory, Corvallis

Oregon State University
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Next, information was sought regarding the perceived impacts of forest practices on Type 4 and
5 Waters, with the focus on the issues and questions posed in the literature review and on
downstream impacts of forest practices in Type 4 and 5 Waters. To ensure uniformity of topical
coverage, a questionnaire was prepared after partial completion of the literature review to solicit

this information from TFW participants in each of the seven DNR regions. Those individuals with
significant experience in more than one ecoregion were queried further to ascertain perceived
contrasts between ecoregions. In order to summarize the salient characteristics of the ecoregious
themselves, the first portion of the questionnaire focused on the climatic, physiographic, and
dendrological characteristics of the state-regulated forest land base. Additional questions regarding
actual forest practices were included. The second portion of the questionnaire examined the
experience, observations, and perceptions of sediment dynamics related to the issues outlined in the
discussion above. The next part of the questionnaire queried respondents about the effects of
timber harvest practices on sediment dynamics, water quality (exclusive of total suspended
sediment), woody debris loading, and mass wasting. The remainder of the questionnaire was
devoted to information needs and management tools. The questionnaire was either distributed by
regional 1 -W contacts or sent by PTI Environmental Services to TFW participants to solicit their
ideas prior to interviewing. A separate mailing was made to Washington Forest Protection
Association (WFPA) members who were not already named on the distribution/interview list, to
ensure adequate industry participation. The Washington Environmental Council and U.S. Forest
Service also circulated additional questionnaires to their staff. A copy of the questionnaire is

provided in Appendix A.

Anne MacDonald of PTI Environmental Services met with 1 I=W participants to discuss the
questionnaire at regional meetings in the Northeast, Southeast, Northwest, South Puget Sound and

Olympic DNR regions during the week of April 3, 1989. The purpose of the questionnaire was
explained as a first attempt to find out what is known about small channels. When possible,

participants filled out the questionnaires at those meetings. Otherwise, they were asked to retum

them by mail. Response rate was estimated to be about 25 percent but was not calculated exactly
because of the unknown number of questionnaires circulated by non-PTI personnel. Responses
appeared high for those regions where a meeting was scheduled and lower for the other two regions
(southwest and Central).

INTERIM REVIEW OF PROGRESS

Responses to the questionnaires received through 17 May, as well as the results of the
literature review, were presented by PTI to participants at a workshop held in Ellensburg 18 May,
1989. Members of the SHAM channel morphology group also presented a tentative research agenda
for studies in Type 4 and 5 Waters, based upon information gaps identified in the literature review



and by questionnaire respondents. In attendance were a range of TFW cooperators, representing
the four major constituencies. This provided an independent check on the validity of the
guestionnaire, and enabled participants to more fully explore their particular topics of interest

relative to Type 4 and 5 Waters. The workshop was also a forum by which other CMER commit-
tees could coordinate their research agendas on Type 4 and 5 Waters with those of the SHAM

committee.



SEDIMENT DYNAMICS IN TYPE 4 AND 5 WATERS:
REVIEW OF EXISTING INFORMATION

Type 4 and 5 Waters form a crucial and direct link between soil moving on hilislopes and
sediment moving in larger alluvial and semi-alluvial river channels. This link is direct because it
is unbuffered by the presence of an extensive floodplain or a large absolute amount of within-
channel sediment storage (Reid, L., 6 April 1989, personal communication). Hillslopes are
governed by a body of processes that balance soil matrix strength (cohesion from roots and
mineralogy, and internal friction) and downslope forces (we